Neurogenesis continues in the hippocampal dentate gyrus of adult rodents and primates including humans. Neurons are born in the underlying subgranular layer (SGL) and move into the granule cell layer (GCL) to become mature granule neurons. Recent work indicates that the primary precursors for these new neurons correspond to radial astrocytes whose cell body is in the SGL and their processes traverse the GCL. These astrocytes divide to give rise to intermediate precursors, D cells that likely become mature granule neurons. Here we propose that the anatomy of radial astrocytes may allow for signals within the GCL to regulate neurogenesis in the SGL. Levels of neuronal activity within the granule cell layer may regulate the proliferation rates of radial astrocytes and determine the number of new neurons produced in the dentate gyrus. q
Introduction
It has been suspected for some time that adult neurogenesis requires the presence of primary precursors, or stem cells, within the germinal zones where new neurons are born [1] [2] [3] [4] . Consistently, cells with neural stem cell properties in-vitro can be isolated from the adult mammalian brain using growth factors [5] [6] [7] . In adult mammals neural stem cells that continually generate new neurons are present in the subventricular zone (SVZ) of the lateral ventricle [8, 9] , and the subgranular layer (SGL) of the hippocampal dentate gyrus [10] [11] [12] [13] .
A critical step towards understanding adult neurogenesis and how this process is regulated is the identification of the primary precursors that generate new neurons in vivo. The identification of the stem cells is also critical for future attempts to engineer these cells for therapeutic applications. Recent work in the hippocampus indicates that new neurons are derived from dividing dentate gyrus radial astrocytes [14] . Several other studies have described experimental interventions that affect proliferation, recruitment and incorporation of new neurons in the adult dentate gyrus [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Those studies, however, were done before the primary progenitors in the adult hippocampus were identified and could not link effects on proliferation, generation and survival of new neurons to possible alterations in the behavior of the stem cells. Here we will focus on the in vivo identification of the primary precursors for new neurons and on how the anatomy of these cells suggests possible mechanisms of regulation of adult neurogenesis in the adult hippocampus.
SGL astrocytes as neuronal progenitors
In contrast to the embryonic VZ or the SVZ in the adult, the SGL is not located close to the walls of the brain ventricles, but it exists deep within the brain parenchyma at the interface of the granule cell layer (GCL) of the dentate gyrus and the hilus in the hippocampus. Earlier work had suggested that small dark cells in the SGL corresponded to neural stem cells in the adult dentate gyrus [2, 10, 13] . In addition to the dark cells, several studies had shown that astrocytes continue to divide in the SGL of the adult hippocampus [13, 26] . Division of astrocytes is generally attributed to ongoing local gliogenesis, a process thought necessary for the maintenance and support of neuronal function. Given recent evidence showing that SVZ-astrocytes give rise to new neurons, we investigated the possibility that astrocytes could function as the primary neuronal precursors in the dentate gyrus [14] .
Astrocytes in the SGL stain prominently with antibodies to GFAP and have a radial process that traverses the granular cell layer and short tangential processes extending under the blades of the dentate gyrus [27] . At the electron microscope these cells have ultrastructural features of astro- 
